In this prospective study, subjective sleep quality and excessive daytime sleepiness prior to, during and after deployment of German soldiers in Afghanistan were examined. Sleep quality (Pittsburgh Sleep Quality Index; PSQI) and daytime sleepiness (Epworth Sleepiness Scale; ESS) were assessed in 118 soldiers of the German army, who were deployed in Afghanistan for 6 months (deployment group: DG) and in 146 soldiers of a non-deployed control group (CG) at baseline. Results of the longitudinal analysis are reported, based on assessments conducted prior to, during the deployment and afterwards in the DG, and in the CG in parallel. Sleep quality and daytime sleepiness in the DG were already impaired during the predeployment training phase and remained at that level during the deployment phase, which clearly indicates the need for more attention on sleep in young soldiers, already at this early stage. The percentage of impaired sleepers decreased significantly after deployment. Programmes to teach techniques to improve sleep and reduce stress should be implemented prior to deployment to reduce sleep difficulties and excessive daytime sleepiness and subsequent psychiatric disorders. Heinrich et al. (2015) investigated sleep problems in soldiers of German armed forces 12 months after return from deployment in comparison to non-deployed soldiers. Independently of the deployment status, the prevalence of sleep problems in soldiers was higher than in the general population: 41% in the deployed population and 38% in the control group. Similar prevalences have been reported for US military service members, who had been deployed to Iraq or Afghanistan (McLay et al., 2010) . Taylor et al. (2016) applied the insomnia severity index prior to military deployment and found a prevalence of insomnia of 19.9% in active duty service members at Fort Hood, Texas. The insomnia group suffered from more psychosocial stressors and mental and physical health problems than the group without insomnia.
IN TROD UCTI ON
It is known that, in spite of a psychological preparation, deployment leads to an increase in mental disorders (Kowalski et al., 2012) . Deployment is often associated with events which are perceived as traumatic and which lead to an increased risk of developing a post-traumatic stress disorder (PTSD; Wittchen et al., 2012) . Germain et al. (2008) estimate that 5-20% of the military personnel who serve in conflicts in Iraq and Afghanistan meet the diagnostic criteria of PTSD, with clinically relevant sleep disturbances as a core feature. Furthermore, a growing number of Veterans of the United States with high prevalences of sleep apnea (47%) and insomnia (26%) was reported recently (Alexander et al., 2016) , emphasizing the importance for prevention of these conditions at an early stage.
Sleep quality prior to deployment seems to be a risk factor for the development of mental disorders. Subjects who initially reported insomnia symptoms had significantly higher ª 2017 European Sleep Research Society scores for PTSD severity at follow-up compared to those without insomnia at the beginning (McLay et al., 2010) . Based on information from more than 15 000 participants in the Millennium Cohort study, Gehrman et al. (2013) found that predeployment sleep duration and insomnia symptoms were predictors of the development of mental disorders following deployment.
Large epidemiological studies usually suffer from a nonstandardized assessment of sleep problems. Single questions related to sleep from non-sleep-specific assessment tools are often used. The present study, which aims at investigating changes in subjective sleep quality from a longitudinal perspective, differs from other studies in three ways: (1) the use of validated sleep questionnaires to assess sleep quality, (2) an assessment during deployment in addition to pre-and postdeployment assessments and (3) inclusion of a control group of soldiers who were not deployed, and who were investigated according to the same time schedule.
MATERI ALS AND METHODS

Sample
This prospective study comprised two male cohorts of soldiers: (1) a deployment group (DG) with deployment to Afghanistan for an International Security Assistance Force (ISAF) operation and (2) a non-deployed control group (CG). The longitudinal samples are part of a larger cross-sectional sample (see Fig. 1 ). At T0 the sample sizes were 118 in the DG and 146 in the CG, respectively.
Procedure
The deployment and the control groups were studied in parallel at the same time-points, which are related to the deployment group as follows: 4 weeks prior to deployment (T0), 3 months after the start of deployment (T1) and directly after the end of deployment (T2, which was approximately 7 months past T0). At T1, the control group was in the preparation phase for a possible deployment.
Measures
Depression
Depression was assessed by the Patient Health Questionnaire-9 (PHQ-9), a self-administered version of the Primary Care Evaluation of Mental Disorders (PRIME-MD) diagnostic instrument for common mental disorders (Spitzer et al., 1999) . The questionnaire asks for the nine diagnostic criteria of depression specified in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV), with reference to the previous 2 weeks. The nine items are each scored from 0 (not at all) to 3 (nearly every day), resulting in a total score ranging from 0 to 27. Data are analysed as categorical data defined in terms of the severity classes: < 5 (minimal) versus ≥ 5 (mild to severe).
Somatic symptoms
Somatic symptoms were assessed by another module of the Patients' Health Questionnaires family, the PHQ-15, which comprises 15 somatic symptoms each scored from 0 to 2. The total score ranges from 0 to 30. Analyses are based on two severity categories: < 5 (minimal) versus ≥ 5 (mild to severe).
Stress
Stress was assessed by the PHQ stress module, which comprises a subset of ten items that score from 0 (not impaired) to 2 (severely impaired) and result in an overall score ranging from 0 to 20. Analyses are based on two severity categories: < 5 (minimal) versus ≥ 5 (mild to severe).
Daytime sleepiness
Daytime sleepiness was assessed by means of the Epworth Sleepiness Scale (ESS; Johns, 1991) . This self-rating questionnaire inquires how likely it is to doze off or fall asleep (in contrast to just feeling tired) in eight everyday situations. Each question has to be answered by choosing one of four options: from 0: no chance to 3: high chance. The sum score varies from 0 to 24, a score above 10 is considered to reflect an increased daytime sleepiness.
Sleep quality
Sleep quality was assessed by the Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) . The PSQI is a self-rating questionnaire with 19 items from which seven component scores are derived: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication and daytime dysfunction. The sum of the seven component scores (each ranging from 0 to 3) yields the global PSQI score, which varies from 0 to 21. A global score > 5 is considered to be indicative of 'poor' sleep quality.
Statistics
All scores were analysed at the continuous and dichotomized levels. Data analysis comprised (a) differences in sleep variables between the deployment and the control group for each time of measurement and (b) variations with time of measurement within groups. Chi-squared tests were performed for the dichotomized data. For between-group analyses, Wilcoxon's two-sample test for independent groups were used. Within-group analyses were based on repeatedmeasures tests (for two measurement times: Wilcoxon's matched-pairs signed-rank test; > 2 measurement times: Friedman's analysis of variance). Effect sizes were calculated as Cohen's d for variables measured at an interval scale and as Cramer's V for variables with an ordinal scale. Interpretation of effect sizes were made according to the suggested classifications for Cramer's V by Rea and Parker (1992) and for Cohen's d by Cohen (1988) . All tests were performed with a double-sided significance level of P < 0.05. Cramer's V was also calculated as a measure of association between the PSQI component scores (ordinal scale).
Linear regression analyses were used to identify significant predictors of sleep quality and daytime sleepiness at T1. Age, the value of the respective variable at T0 as well as changes in the level of depression, stress and somatic symptoms from T0 to T1 were included as independent variables. Data were processed statistically using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
RESUL TS
There were no significant differences in the basic sample characteristics between DG and CG in the longitudinal sample, except graduation (Tables 1 and 2 ). Both groups showed no significant differences in the basic characteristics when compared to the cross-sectional sample.
ESS
Longitudinal analyses of ESS with three times of measurement (T0, T1, T2)
In the longitudinal analysis covering three points of measurement, complete data are available for 45 subjects in the deployment group and for 47 subjects in the control group. There was no indication of systematic changes in the degree of sleepiness from predeployment over deployment until the end of deployment (deployment group: P = 0.1066, control group: P = 0.0923; see Figs 2 and 3). The degree of sleepiness was higher in the deployment group compared to the sham group (T0: P = 0.0165). Excessive daytime sleepiness (ESS score > 10) was more prevalent at all times in the deployment group (see Fig. 2 ).
The longitudinal analysis across three time-points reveals a higher level and a higher percentage of soldiers with elevated daytime sleepiness in the deployment group, but no significant changes with time in either group.
Longitudinal analysis of ESS from predeployment to during deployment (T0, T1)
Looking only at the changes in daytime sleepiness from baseline to T1 in those subjects who provided information for both time-points (DG: n = 59; CG: n = 95), there was a tendency (P = 0.0689) towards increased sleepiness at T1 in the DG, while there was no change in the CG (P = 0.8774).
Regression analysis-predictors of the ESS total score during deployment
In the prospective sample, a group-specific linear regression analysis with ESS score was performed at T0, with age, as well as changes in the scores of depression, stress and somatic symptoms from T0 to T1, as independent predictors. The (Table 3 ). In the DG the independent variables explained 52.0% (adjusted R 2 ) of the variance of sleepiness at T1; in the CG it was 41.7%. In both groups the most important predictor was the level of sleepiness assessed at the previous time of measurement (see Fig. 4 ); this variable alone explained 39.9% (DG) and 26.2% (CG) of the variance. In both groups there was a significant increase in sleepiness from baseline to the deployment phase. In the DG none of the other variables which were entered simultaneously into the linear regression analysis revealed a statistically significant contribution to the prediction of the level of sleepiness during deployment, although altogether they led to an improvement of the explained variance of 12.1%. In the CG a change in the depression score as well as a change in the level of somatic complaints also contributed significantly to the level of sleepiness assessed at T1 (Table 3) . A higher level of sleepiness was associated with an increase in the depression score and a decrease in somatic symptoms. Considering the additional variables led to an increase in the explained variance by 4.8%. For none of the groups were age and a change in the stress score significant predictors of the level of sleepiness at T1. 
PSQI
Longitudinal analyses of PSQI total score with three measurement times (T0, T1, T2)
Complete data are available for the longitudinal analysis across three time-points for 40 subjects of the DG and for 49 subjects of the CG. There is a tendency for systematic changes in sleep quality in the deployment group (P = 0.0885) and a significant variation in the control group (P = 0.0204; see Figs 5 and 6). Sleep quality worsens in the control group from T0 to T1, and improves thereafter. Conversely, the percentage of soldiers with an elevated score, which was 35% at baseline in the deployment group, remained the same during deployment and reduced significantly to 17.5% after deployment (P = 0.0030).
Longitudinal analysis of PSQI total score from predeployment to during deployment (T0, T1)
Looking at the changes in sleep quality from baseline to T1 in those subjects who provided information on both times of measurement, for none of the groups could a systematic variation be observed (DG: P = 0.6783; CG: P = 0.9450).
Regression analysis-predictors of the PSQI total score during deployment
A linear regression analysis with sleep quality at T1 as dependent variable and sleep quality at baseline, as well as age and changes in the level of depression, stress and somatic complaints as independent variables, was performed separately for the DG and CG. For both groups the model was significant (Table 3) ; the independent variables explained 30.0% of the variance of sleep quality at T1 in the deployment group and 39.3% in the control group. Again, the single most important factor affecting sleep quality at T1 was sleep quality at T0. This factor alone explained 18.9% of the variance in the DG and 28.6% in the CG (Fig. 7) . The group-specific results underline that sleep quality is also affected in the preparation phase for deployment. Overall, the other independent variables contributed 10.7% to the explained variance in the control group, with increasing age and an increase in stress affecting sleep quality at T1 significantly negatively (Table 3 ).
In the deployment group, the other independent variables contributed to the explained variance of sleep quality at T1 in the same range (11.1%). Significant predictors besides sleep quality at baseline were age and the level of depression. Both an increase in age and an increase in depressed mood affected sleep quality negatively.
PSQI component scores-comparisons between groups and associations between components
At baseline, the component score 'subjective sleep quality' was significantly worse in the deployment group compared to the control group, with medium effect size (Cramer's V = 0.3099; Fig. 8 ). Furthermore, the deployment group showed more difficulties in the components 'sleep latency' (Cramer's V = 0.3238) and 'sleep disturbances' (Cramer's V = 0.2683) than the control group at baseline. None of the groups took sleep medication (component 6) at any timepoint. All other component scores did not differ (no or small effects). Within groups, there was no statistically significant difference in the distribution of component scores between times of measurement. Associations between the component score 'sleep duration' and the component score 'daytime dysfunction' were low (Cramer's V > 0.1 and < 0.3) at all measurement times in both groups (Table 4) . The component score 'subjective sleep quality' was associated strongly with the component 'daytime dysfunction' in the deployment group at baseline (T0), and at a medium level (Cramer's V > 0.3 and <0.5) during all other time-points in both groups. The component scores 'sleep duration' and 'subjective sleep quality' were associated strongly only in the deployment group after deployment, and at a weak to medium level at all other time-points in both groups.
DI SCUSSION
This study aimed to investigate changes in sleep quality as assessed with specific validated sleep questionnaires during and after deployment in a deployment and a control group. The two groups, which were representative for the samples investigated at T0, did not differ in any of the basic characteristics, except for graduation.
Daytime sleepiness at baseline was the strongest predictor for daytime sleepiness at T1 in both groups. A tendency towards an increase of excessive daytime sleepiness from the baseline to the second point of measurement-which was approximately 4 months later-should be taken seriously, as a study on the test-retest reliability of the ESS showed constant results in healthy subjects 5 months after the first evaluation and significant changes in the scores of, for example, treated obstructive sleep apnea patients (Johns, 1992) .
In the deployment group, the percentage of subjects with increased daytime sleepiness exceeded the value of 8.4%
observed for an 18-39-year-old healthy male reference group (Sauter et al., 2007) . Telephone interviews with 2016 German adults (mean age: 49.8 AE 18.2 years) revealed that only 7.2% were suffering from excessive daytime sleepiness (ESS > 10; Soldatos et al., 2005) . The present study showed that in the DG excessive daytime sleepiness was almost three times as high as in the population-based studies (Sauter et al., 2007; Soldatos et al., 2005) .
The mean level of sleepiness was lower when subjects returned from deployment than in the preparation phase and during deployment, but these changes did not reach statistical significance.
Increased sleepiness in solders might reflect sleep debt Shattuck and Matsangas, 2015) or a mode of exhaustion and of high physical and psychological demands, especially during the preparation phase for deployment and during deployment. These observations are in line with the present study as at baseline, when only the deployment group was preparing for deployment, subjective sleep quality and sleep latency were significantly worse in the deployment group compared to the non-preparing control group. This was also true for sleep disturbances.
Other studies have shown a significant correlation between the level of perceived stress and daytime sleepiness in the ESS and poorer sleep quality in the PSQI (Kashani et al., 2012) . Correlation analyses performed for the baseline Table 3 Factors contributing to daytime sleepiness in the Epworth Sleepiness Scale (ESS) at T1 (upper part) and to sleep quality in the Pittsburgh Sleep Quality Index (PSQI) at T1 (lower part): regression analyses for the deployment group and the control group, separately (longitudinal sample-two time-points: T0 and T1) samples revealed that the ESS and the PHQ stress scores were correlated significantly (r = 0.1952, P = 0.0017). However, the PHQ stress score was related even more strongly to sleep (r = 0.4358, P < 0.0001). Excessive daytime sleepiness (EDS) is an important public health issue. It can be due to medical conditions (including sleep disorders such as circadian rhythm disorder, sleep apnea, and hypersomnia of central origin), drug (side) effects, inadequate sleep scheduling (e.g. shift work) or to behaviourally induced insufficient sleep. Consequences can be an increased risk for traffic accidents or accidents at the workplace, impaired social functioning and a reduced quality of life (Goncalves et al., 2015; Mathis and Schreier, 2014; Sauter et al., 2007) . In particular, sleepy soldiers during deployment might be a risk factor for themselves and others, considering that they have to deal with weapons and are involved in operational scenarios and missions. The high prevalence of daytime sleepiness and impaired sleep quality in soldiers should thus be taken seriously. In the present study, the PSQI component score for daytime dysfunction was associated more strongly with impaired subjective sleep quality than with sleep duration, especially during the deployment phase. Military leaders, as well as soldiers, should be informed about possible negative consequences and raise their awareness for behavioural and structural adaptations to reduce the risks resulting from EDS.
The prevalence of impaired sleepers was also highest during deployment and during preparation, and significantly . Pittsburgh Sleep Quality Index (PSQI): total scores for individuals by groups (DG: deployment group: red circles; CG: control group: blue circles) and three points of times (T0: before deployment; T1: during deployment; T2: after deployment) in a three-dimensional plot.
ª 2017 European Sleep Research Society lower after return. In parallel, sleep quality became worse in the control group, which at T1 was in the preparation phase for a possible deployment, indicating that prior to deployment sleep quality might already be impaired in some soldiers. Preparation for possible deployment implies intensive military training, partly beyond a regular sleep-wake pattern and sleeping in the military training area. Additionally, the soldiers in the control group faced uncertainty concerning possible deployment. Elevation of the stress level was indeed a factor which contributed to impaired sleep quality in the control group. In contrast, in the deployment group an increase in the depression score from baseline to the deployment phase predicted, at least to some extent, a reduction in sleep quality. Obviously, sleep quality at T1 was affected by different factors in both groups, besides baseline sleep quality. Gehrman et al. (2013) is not shown, as none of the participants used sleeping medication. In all components, '0' indicates no difficulty, while a score of '3' indicates severe difficulty (Buysse et al., 1989) .
Population-based information on sleep quality as assessed by the PSQI is scarce. In an Austrian study (Zeitlhofer et al., 2000) the prevalence of poor sleepers, i.e. of subjects with a score > 5, was 32.1%. The sample included 1049 subjects older than 15 years (average approximately 43 years). The authors stated that the frequency of poor sleepers increases with age, and is higher in females. The frequencies of the present study revealed a high percentage of 35% suffering from impaired sleep both in the pre-and during the deployment phase in the longitudinal analysis, thus exceeding the population-based values of the Austrian study.
The prevalences of poor sleepers in the present study were slightly lower than in the epidemiological study on German soldiers by Heinrich et al. (2015) , where 41% of the deployed population and 38% of the non-deployed soldiers had a PSQI score > 5. The deployment group in the study by Heinrich et al. (2015) had a mean age of 30.8 AE 7.7 years, which was similar to their control group (30.0 AE 8.4 years). The higher age might, again, explain the higher scores and frequencies compared to the present population. A similar percentage was found in a study by McLay et al. (2010) on soldiers (mean age: 29.1 years) who had been deployed in Afghanistan, 41% of whom reported some degree of sleep problems. Bramoweth and Germain (2013) state that deploymentrelated stressors such as combat exposure, mild traumatic brain injury, irregular sleep-wake schedules and adjustment to the return home are relevant factors contributing to insomnia. Plumb et al. (2014) conducted a cross-sectional anonymous online survey on service members and veterans after being deployed in the Operations Enduring Freedom and Iraqi Freedom (OEF/OIF), but were not deployed at the time of the survey. Eighty-nine per cent of 302 survey completers had impaired sleep quality, as indicated by the PSQI total score. The sample comprised 87.4% male participants with a mean age of 34.46 AE 8.97 years, and the mean time since return was 25 months (range: 0 months to 4 years). The authors concluded that sleep problems are common in OEF/ OIF personnel with and without symptoms of psychiatric illness and regardless of length of time since deployment.
They suggested that sleep difficulties should be assessed regularly in returning individuals, including brief screening questionnaires on sleep-related breathing as well as providing imagery rehearsal therapy (IRT) and cognitive-behavioural therapy for insomnia (CBT-I). The much higher prevalence of impaired sleepers compared to the present results could be due to the higher mean age, and to a presumably higher combat exposure in the OEF/OIF than in the German ISAF operation. Another explanation could be the difference in the mode of collecting data, as some studies have found greater self-disclosure in online than in offline communication (Nguyen et al., 2012) . Although the present study was an anonymous questionnaire-based study, selfdisclosure might be lower than in the online survey by Plumb et al. (2014) . Seelig et al. (2010) , in their prospective study with a 3-year follow-up with 41 225 Millennium Cohort members, found a significant association of shorter self-reported sleep duration and increased sleep problems in those who were deployed or had returned after deployment compared to the non-deployed. Sleep duration was assessed by a single question on the average sleep duration over 24 h during the past month. Trouble sleeping was defined in a dichotomous variable, which was derived from a sleeprelated question in the PHQ module for anxiety and from the PTSD Checklist-civilian version. The information from two single questions might not be as precise as the score from the PSQI.
In a Dutch study, which might be better comparable to the deployment conditions of German soldiers in Iraq and Afghanistan than US forces, the frequency of sleeping problems, assessed by three items of the Symptoms Checklist (SCL-90-R), was much lower (< 5%), and remained relatively stable at multiple time-points after deployment (Reijnen et al., 2015) . Sleep quality was not assessed during the deployment phase. The PSQI used in the present study might reflect sleep quality more accurately than the SCL-90, resulting in higher prevalences. The longitudinal analysis of the present study revealed no significant variations across times of measurement in the PSQI and ESS total scores in the deployment group, but a significant decrease of elevated PSQI scores after the return from deployment. Table 4 Associations measured by Cramer's V between the component score 1 ('subjective sleep quality'), the component score 3 ('sleep duration'), and the component score 7 ('daytime dysfunction') of the Pittsburgh Sleep Quality Index at three times of measurement (T0, T1, T2) The strength of the present study is a prospective design with assessments, prior to, during and directly after deployment and the use of two standardized questionnaires. In particular, the PSQI is time-consuming compared to singleitem questions, and missing and incomplete answers lead to incomplete data and as a consequence to relatively small sample sizes. Further reasons for the 'loss' of participants were manifold. In many cases, there have been organizational changes such as relocation to other workplaces or termination of military service, which complicated the participants' follow-up. Another reason might have been a change in motivation. This could be due to higher stress during the deployment phase, perhaps resulting in a selection bias. Nevertheless, the study reveals important information on the relatively high number of bad sleepers and increased daytime sleepiness in deployed soldiers during the preparation phase. The present study results emphasize the need for prevention programmes in soldiers -already before deployment -and support Pedersen et al. (2015) , who recommend shifting the focus of military sleep research from the postdeployment period to the development of sleep health policies, and to the evaluation of sleep health programmes.
In addition, treatment strategies such as CBT-I should be available after return from deployment for those who suffer from impaired sleep. Both prevention and treatment programmes should be implemented to reduce secondary psychiatric disorders and impaired health in military personnel.
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